TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREFOR 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2003-063733, filed March 10, 2003, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates to a nonvolatile 
semiconductor device and manufacturing method therefor. 

2. Description of the Related Art 

Nonvolatile memories such as NAND and NOR memories 
suffer the problem that a threshold Vth for operating a 
transistor varies in repetitive read/write of data. 
This problem becomes actualized along with reduction in 
the feature size of elements, and readily occurs when 
the film thickness of a gate insulating film is 80A or 
less . 

To solve this problem, a multilayered structure 
using a passivation film has conventionally been 
adopted. In this multilayered structure, as shown in 
FIG. 14, a plasma-enhanced-SiON film 51 is formed on an 
upper metal wiring (e.g., Al-0.5 at% Cu) 50. A 
plasma-enhanced-SiN film 52 is formed on the SiON film 
51. The SiN film 52 is used as a measure against 



moisture absorption^ and the SiON film 51 is used to 
cut off hydrogen contained in the SiN film 52. 

FIG. 15 shows data as a result of a comparison 
between a shift amount Avth in a structure having a 
passivation film and a shift amount Avth in a 
structure having no passivation film. The structure 
having a passivation film means a structure in which 
the SiN film 52 and SiON film 51 shown in FIG. 14 are 
stacked. As shown in FIG. 15, the structure having a 
passivation film exhibits a larger shift amount Avth 
than the structure having no passivation film. 

The prior art cannot essentially suppress the 
shift Avth in an element which repeats data read/write 
even with a multilayered structure having a passivation 
film. 

BRIEF SUMMARY OF THE INVENTION 
A semiconductor device manufacturing method 
according to a first aspect of the present invention 
comprises forming a wiring layer, and forming a first 
insulating film on the wiring layer under a condition 
that hydrogen in a plasma is not more than 1% in all 
gas components. 

A semiconductor device according to a second 
aspect of the present invention comprises a wiring 
layer, and a first insulating film which is formed on 
the wiring layer under a condition that hydrogen in a 
plasma is not more than 1% in all gas components. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a graph showing "01 waveform" according 
to the first embodiment of the present invention; 

FIG. 2 is a graph showing the threshold shift 
5 amount according to the first embodiment of the present 

invention; 

FIG. 3 is a graph showing the dependence of Avth 
on the H2 concentration according to the first 
embodiment of the present invention; 
10 FIG. 4 is a sectional view showing a semiconductor 

device having an SOG film according to the second 
embodiment of the present invention; 

FIG. 5 is a sectional view showing a semiconductor 
device having a sputtered Si02 film according to the 
15 third embodiment of the present invention; 

FIG. 6 is a sectional view showing a semiconductor 
device having a thermal CVD film according to the third 
embodiment of the present invention; 

FIG. 7 is a sectional view showing a semiconductor 
20 device having an SOG film/HCD-SiN film according to the 

fourth embodiment of the present invention; 

FIG. 8 is a sectional view showing a semiconductor 
device having a TEOS-O3-CVD film/HCD-SiN film according 
to the fourth embodiment of the present invention; 
25 FIGS. 9, 10, 11, 12, and 13 are sectional views, 

respectively, showing the steps in manufacturing a 
semiconductor device according to the fifth embodiment 
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of the present invention; 

FIG. 14 is a sectional view showing a 
semiconductor device having a conventional passivation 
film; and 

5 FIG. 15 is a table showing the shift amount Avth 

in the presence/absence of a conventional passivation 
film. 

DETAILED DESCRIPTION OF THE INVENTION 
Preferred embodiments of the present invention 

10 will be described below with reference to the several 

views of the accompanying drawing. In the following 
description, the same reference numerals denote the 
same parts throughout the views of the accompanying 
drawing. 

15 [First Embodiment] 

As described above, the prior art cannot 
essentially suppress the shift Avth of the threshold 
in an element which repeats data read/write even with a 
multilayered structure having a passivation film. 

2 0 The primary cause was examined to find out that 

the hydrogen plasma causes the shift Avth. This will 
be explained in detail with reference to FIGS. 1 to 3 . 

To find the cause of the shift Avth, "01 
waveform" is exemplified out of four signal waveforms 

25 (00 waveform, 01 waveform, 10 waveform, and 11 

waveform) in a flash memory. Variations in arbitrary 
threshold X (see FIG. 1) at the trailing portion of "01 
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waveform" are experimented under various conditions. 
The transistor X is selected in "01 waveform" because a 

threshold at the trailing portion of "01 waveform" 
varies most. 

5 This experiment uses a NAND element. The element 

is exposed to an atmosphere in which a plasma is 
generated in hydrogen-containing gas, and degradation 
in data retention characteristic is checked. At this 
time, N2/H2 is supplied and an RF plasma is generated 
10 in a chamber having parallel-plate counter electrodes. 

A plasma can be formed at H2/N2 = 400/100 seem, a 
pressure of about 1 to 1.5 Torr, and an RF power of 
750 W. 

FIG. 2 shows the results of the experiment. On 
15 the abscissa of FIG. 2, "Before W/E" means "before data 

write/erase", "After W/E" means "after data 
write/erase", and "After Bake 150*^0, 2 h" means "after 
baking at 150°C for 2 h". Note that "-" on the 
ordinate of FIG. 2 means that the threshold X in FIG. 1 
20 shifts left. 

As shown in FIG. 2, when the element is exposed to 
the hydrogen plasma as a result of using a hydrogen 
plasma, reference, a nitrogen plasma, and nitrogen 
annealing, the shift amount Avth of the element 
25 greatly increases after baking. 

FIG. 3 is a graph showing the relationship between 
the shift amount Avth in FIG. 2 and the ratio of 
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H2/N2. As shown in FIG. 3, the shift amount Avth 
increases for a log(H2 (%) ) of -2 or more, 
"log(H2 (%) ) = -2" means that H2 in the plasma is 1% in 
all components. That is, exposure of the element to 
5 the H2 plasma generates the shift Avth. At this time, 

H2 in the plasma is 1% or more in all components. 

From this, the shift Avth can be suppressed as 
long as H2 or SiH4 is 1% or less in all components in a 
gas plasma containing H such as H2f SiH4 (SiH4 is 

10 decomposed into, e.g., H2 and SiH2) in formation of an 

insulating film, or NH3 . Hence, the above-described 
degradation in the data retention characteristic of the 
element can be prevented by forming a plasma insulating 
film such as an SiON film at a flow rate ratio at which 

15 H2 or SiH4 is 1% or less with respect to the total gas 

flow rate. This trend becomes conspicuous when the 
film thickness of the gate insulating film of the 
element is 80 A or less. 

An insulating film formed under a condition that 

20 hydrogen in the plasma is 1% or less in all gas 

components was examined by SIMS analysis to reveal that 
the film did not contain any hydrogen. This can also 
be investigated by HFS (Hydrogen Forward Scattering) 
analysis as long as the analysis area is about 1 cm^ at 

25 a film thickness of about 1, 000 A to 2, 000 A. 

According to the first embodiment, an element is 
formed in a step such as LP-CVD (Low Pressure-Chemical 



Vapor Deposition) or SOG (Spin On Glass) in which the 
element is not exposed to a hydrogen-containing plasma. 
This can suppress variations in threshold Vth for 
operating a transistor in repetitive data read/write of 
a nonvolatile memory such as a NAND or NOR memory. The 
element formed by applying the first embodiment can 
improve the Vth shift amount caused by repetitive data 
read/write by about 10 times the conventional shift 
amount . 

The first embodiment is considered to be effective 
for all nonvolatile memories. That is, the first 
embodiment can be effectively applied to an element 
considered to degrade its characteristic upon exposure 
of the element to hydrogen, such as a ferroelectric 
memory (FeRAM) having a ferroelectric oxide or a 
magnetic random access memory (MRAM) having a high-k 
dielectric tunneling barrier film. 
[Second Embodiment] 

In the second embodiment, an insulating film is 
formed using spin coating (coating film formation) 
using no plasma. 

FIG. 4 is a sectional view showing a semiconductor 
device according to the second embodiment of the 
present invention. As shown in FIG. 4, a metal wiring 
(e.g., Al-0.5 at% Cu) 10 is formed on an insulating 
film 11. An SOG film 20 is formed as an insulating 
film on the metal wiring 10 by spin coating. More 



specif ically^ a material such as polyarylether 
fluoride, BCB, Cytop, or MSQ is applied by spin 
coating, and sequentially baked at SCc for 1 min, at 
200°C for 1 min, and at 450''C for 30 min. 

According to the second embodiment, the SOG film 
2 0 is formed without exposing the element to the H2 
plasma. Similar to the first embodiment, variations in 
threshold for operating a transistor can be suppressed. 

The second embodiment uses spin coating to form an 
insulating film. Even a narrow space between wirings 
can be filled with the insulating film without 
generating any void. 

Film formation by spin coating does not use any 
plasma, and no electrostatic damage is applied to a 
transistor . 
[Third Embodiment] 

In the third embodiment, formation of an 
insulating film by sputtering in the H2 plasma at 1% or 
less or by thermal CVD (Chemical Vapor Deposition) 
using no plasma will be explained. 

FIG. 5 is a sectional view showing a semiconductor 
device according to the third embodiment of the present 
invention. As shown in FIG. 5, a sputtered Si02 film 
30 is formed as an insulating film on a metal wiring 10 
by sputtering in the H2 plasma at 1 at% or less. 

FIG. 6 is a sectional view showing another 
semiconductor device according to the third embodiment 
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of the present invention. As shown in FIG. 6, a 
thermal CVD film 31 is formed as an insulating film on 
a metal wiring 10 by thermal CVD. The thermal CVD film 
31 can be formed from TEOS (Tetra Ethyl Ortho Silicate) 
5 at 1,100 to 1,500 seem, O3 at 4,000 to 6,000 seem, and 

N2 at 8,000 to 12,000 seem at a low temperature of 
410*'C. 

As the thermal CVD film 31, e.g., an HCD-SiN film 
can also be formed. The HCD-SiN film can be formed 
10 even at a low temperature of 450°C with the use of HCD 

(HexaChloroDisilane) because of low activation energy. 
The HCD-SiN film is formed by NH3 reduction at 0.5 to 
1 Torr and HCD/NH3 = 10 scem/1,000 seem. 

According to the third embodiment, the sputtered 
15 Si02 film 30 or thermal CVD film 31 is formed without 

exposing the element to the H2 plasma. Similar to the 
first embodiment, variations in threshold for operating 
a transistor can be suppressed. 

Film formation by sputtering can realize 
2 0 low- temperature film formation. An element can be 

formed without applying any thermal hysteresis damage 
to a transistor. 

Film formation by thermal CVD does not use any 
plasma, and no electrostatic damage is applied to a 
25 transistor. 

[Fourth Embodiment] 

In the fourth embodiment, insulating films formed 



in the second and third embodiments are combined. 

FIG. 7 is a sectional view showing a semiconductor 
device according to the fourth embodiment of the 
present invention. As shown in FIG. 1, an SOG film 20 
is formed as a low dielectric constant film (film 
having a relative dielectric constant of, e.g., 4 . 0 or 
less) on a metal wiring 10 by spin coating. After 
that, an HCD-SiN film 31a is formed on the SOG film 20 
by thermal CVD. 

FIG. 8 is a sectional view showing another 
semiconductor device according to the fourth embodiment 
of the present invention. As shown in FIG. 8, a 
TEOS-O3-CVD film 31b is formed on a metal wiring 10 by 
thermal CVD at a low temperature of 410*^0. An HCD-SiN 
film 31a is then formed on the TEOS-O3-CVD film 31b by 
thermal CVD. 

According to the fourth embodiment, the SOG film 
20, HCD-SiN film 31a, and TEOS-O3-CVD film 31b are 
stacked and formed without exposing the element to the 
H2 plasma. Similar to the first embodiment, variations 
in threshold for operating a transistor can be 
suppressed. 

In the fourth embodiment, a passivation film 
resistant to moisture can be formed by stacking an 
insulating film. 

The use of a low dielectric constant SOG film can 
increase the element speed. 



[Fifth Embodiment] 

The fifth embodiment concerns a multilayered 
structure and method effective for a case wherein an 
insulating film is formed on a wiring and a contact to 
an upper wiring is formed without exposing an element 
to the H2 plasma, like the above-described embodiments. 

FIGS. 9 to 13 are sectional views, respectively, 
showing the steps in manufacturing a semiconductor 
device according to the fifth embodiment of the present 
invention. 

As shown in FIG. 9, a metal wiring 10 is formed on 
an insulating film 11. A first insulating film 41 such 
as a TEOS film is formed on the metal wiring 10. A 
second insulating film 42 such as an SOG film or 
thermal CVD film (e.g., TEOS-O3-CVD film) is formed on 
the first insulating film 41. An SOG film as the 
second insulating film 42 is formed by spin coating, or 
a TEOS-O3-CVD film is formed by thermal CVD. 

As shown in FIG. 10, the second insulating film 42 
is planarized by CMP (Chemical Mechanical Polish) until 
part of the upper surface of the first insulating film 
41 on the metal wiring 10 is exposed. 

As shown in FIG. 11, a third insulating film 43 
such as a TEOS film is formed on the first and second 
insulating films 41 and 42. 

As shown in FIG. 12, the second and third 
insulating films 42 and 43 are removed, forming a 
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contact hole 44, 

As shown in FIG. 13, a metal film is formed in the 
contact hole 44, forming a contact 45 which is 
connected to the metal wiring 10 through the first and 
third insulating films 41 and 43. The contact 45 is in 
contact with the first and third insulating films 41 
and 43, but does not contact the second insulating 
film 42. 

According to the fifth embodiment, the first, . 
second, and third insulating films 41, 42, and 43 are 
formed without exposing the. element to the H2 plasma. 
Similar to the first embodiment, variations in 
threshold for operating a transistor can be suppressed. 

The SOG film or thermal CVD film (second 
insulating film) 42 is not directly formed on the metal 
wiring 10, but is formed after the first insulating 
film 41 is formed. The SOG film or thermal CVD film 
(second insulating film) 42 is not exposed in forming 
the contact hole 44. Thus, entrance of moisture into 
the SOG film or thermal CVD film (second insulating 
film) 42 can be prevented. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein • Accordingly, various 
modifications may be made without departing from the 
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spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents • 



